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ABSTRACT

In order to fractionate @, f- and y-cyclodextrins(CDs) from CD reaction mixture, various CD
adsorbents were manufactured using fatty acids as the ligand molecules and anion exchange resins as
matrix. Among several anion exchange resins, DEAE Cellulose was found to be the most suitable ma-
trix for binding fatty acid. The binding stability between DEAE Cellulose and capric acid was tested
under the various operation conditions, such as temperature, ethanol concentration, and ionic strength.
Specific CD adsorbents manufactured with different chain-length fatty acids, saturated and unsaturat-
ed, were compared in terms of the recovery yield and selectivity of @-, 8- and y-CDs. Stearic acid(C,,,
saturated) was identified as the most effective ligand for fractionation of a-CD, and linoleic acid(C,,,
unsaturated) for 4-CD. The spacer length between the matrix and ligand was required for effective
adsorption of CDs, and the double bond in fatty acid molecules was also acted as an important factor
determining recovery yield and selectivity. The elution patterns of @ and #-CD from column packed
with stearic acid and linoleic acid CD adsorbents were also investigated at the various elution condi-

tions for fractionation of @- and §-CD.
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Junsei Chemical Co.), capric acid, stearic acid(¢]
4} Yakuri Pure Chemical Co.), 28]2 £X3 %
HhAkel oleic acid(Shinyo Pure Chemical Co.)$}
linoleic acid(Sigma Co.) & AF&-314th.
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Matrixe= 2+& 20|23 2, hydrophobicit
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a3t
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Fig. 1. Comparision of capric acid binding capac-
ity of the various anion exchange resins.
Anion exchange resin; 2.5, 0.IM capric
acid,and 25°C
1; Amberlite IRA 93, 2; Amberlite IRA
900, 3; Amberlite IRA 904, 4; Amberlite
CG 400, 5; DOWEX-1, 6; DOWEX-2, 7,
DEAE Cellulose, 8; DEAE Sephadex A450.
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Fig. 2. Effect of temperature, ethanol concentra-
tion, and ionic strength on the binding sta-
bility between capric acid and DEAE Cel-
lulose matrix.
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Al 93l e™, hydrophilic 2% 4E DEAE
Cellulose 7} 75.28, DEAE Sephadex A450 7}
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Fig. 3. Amount of adsorbed @-CD on the capric
acid derivated DEAE Cellulose. 0.IM cap-
ric acid, DEAE Cellulose; lg, flow rate;
0.2ml/min, and 25°C.
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Fig. 4. Amount of desorbed o-CD on the capric
aicd derivated DEAE Cellulose. 4mg/ml
of &CD; 10ml, 0.1M capric acid, DEAE
Cellulose; 1g, flow rate; 0.2ml/min, and
25%C.
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Fig. 5. The amount of recovered &, 5, and 7-CDs
during adsorption, washing, and desorp-
tion steps by the capric acid derivated
DEAE Cellulose.
e-CD(—O=); BCD(—V-); rCD(-0-)
10mg/ml of a-, 5, y-CD mixtures; 10ml,
0.IM capric acid, DEAE Cellulose; 2.5g,
flow rate; 0.2ml/min, elution with 50% eth-
anol,and 25TC.
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Table 1. Comparision of recovery yield and se-
lectivity for a-, &, y-CDs by different
fatty acids derivated on DEAE Cellu-
lose.

Recovery yield*, % Selectivity™, %

aCD ACD yCD aCD fFCD yCD
Caproic acid 2180 1040 950 5228 2494 2278
Caprylic acid 13.60 2250 1180 2839 4697 2463
Capric acid 3130 3210 1750 3869 3968 21.63
Lauric acid 820 360 360 5325 2338 2338
Myristic acid ~ 49.10 4170 19.00 4472 3798 1730
Palmitic acid 1670 1840 1670 3224 3552 3224
Stearic acid 90.10 7570 210 5366 4509 1.25
Oleic acid 5680 4590 1330 4897 39.57 1147
Linoleic acid 4320 9580 000 31.08 6892 0.00

Ligand

* Recovery yield: Ratio of recovered to applied CD con-
centration(%)

** Selectivity: Ratio of each CD to total recovered CDs(%)
10mg/ml of ¢, B, y-CD mixtures; 10ml, 0.IM farty
acid, DEAE Cellulose; 2.5g, flow rate; 0.2ml/min, elution
with 50% ethanol; 20ml, and 25°C

& Zole} WAgt Azka A7} gle-& AE(1)AA
23k v} ¢jct. Table 12 2zt fatty acidg lig-
and23%} DEAE Cellulose CD adsorbentol] &2
CDZ 50% ethanol £do 2 A2|dle] £53 o,
B, v-CDY ¥5& &43}cd, columndl] F3-8 =
7] CD=ko 2 v CD9 34g34, 3% 2+ CD
o kg A4 34 (Do b AHES e
Asbolct.

CDY 348e stearic acidd 7% 90.1%,
oleic acid®] 7% 56.8%, myristic acide] 7Z-¢
49.1%, 231 linoleic acid®] #A$ 43.2% Act. 5
CD% linoleic acidell A= 95.8%, stearic acidol| 4]
X 75.7%, oleic acido]4= 45.9%, 22|21 myris-
tic acidd| A= 41.7%7} 34954, y-CD+ my-
ristic acid$} capric acidell4 Z+zt 19.0%, 17.5%
S} s%se] b CDel ulstel vy ofeh. ol
L AR (DAY BEE weh o] -CDE EA2
717} % Z7|wEol| fatty acide} F3HAo] 27

2ol Ao §&=t), T fatty acidsE Bad
b 34842 ook FCD2 H5gol FasHE A
$g Bgon, BZ3 faty addolNE oIFAT
27t 3% %S olHen, FA7F FhEl o
gt ¢-CD9 345&S 7H4g i p-CDe $71st

e b
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Fig. 6. Fractionation of o, 4, and 7-CDs using the
stearic acid derivated DEAE Cellulose.
aCD(—-0O-); 4-CD(—~V —); »CD(-[-)
10mg/ml of @, &, y-CD mixtures, 0.IM ste-
aric acid, DEAE Cellulose; 2.5g, flow rate;
0.2ml/min, elution with 50% ethanol, and
25°C.
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&247) 16702 palmitic acid7} 713 w& T£AY
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acidel 7HY £& AHEE 2ol oh golT A7
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Table 2. Effect of ethanol concentration on re-
covery yield and selectivity of CDs by
stearic acid derivated on DEAE Cellu-
lose.

Conc. of etha- Recovery yield*,% Selectivity**,%
nol(%) aCD f#CD yCD aCD FACD yCD

30 2410 1380 560 5540 3172 1287
40 8580 7640 290 5197 4627 176
50 90.10 7570 200 5366 4509 125
60 8370 69.20 280 53.76 4444 180
70 7590 6670 000 5323 4677 000
80 2950 69.20 000 2989 70.11 0.00

The same as Table 1. Except 0.1M stearic acid instead of
0.1M fatty acid and eluted with different ethanol concen-
tration solution.

28T 1 o-CD F-Zoll= stearic acid’} ACDo
+ linoleic acid?} 7} A&} ligandy& & 4= 9]

o},

CD Adsorbent&g 0|28t ¢-2 f-CDo 22

Stearic acid adsorbent: Fig. 6-& stearic acid
CD adsorbentg- 0|83k 7+E CDej Bglobrile o
el e 2 ACDE 1~54 BEHo4 -CDE 3
~7H —:EMIH F2 3gs9lor, olx stearic
acid 259 get alkyl?]2] CDoll gt affinity
ko] WiEgo 2 AzErt. CD g0 2Re oCD
T ATEE FE87) AaMe FCDY A4 Y
F B SAE o]45tod A4 FCDE A
4712 4A%F9] -9 y-CDE stearic acid&
ligand23t CD adsorbentE o]g&sto] 2y 7}
S¢ Ao Azen.

=% $339 CDe 933 WsE AEsh] 3t
o 4% ethanol £ S5 & 30%-ll4 80% 7}
HEA7|HA  spey AEEE Aag Ads
Table 29} Zt}. ¢-CD9l 3<48ke ethanolsT 7}
50% 22|z B-CD& 40% <« o 7}3 Egtou,
a-, -CDel & AdelXel)= ethanol 57} 2 o
&S AR wgk

Linoleic acid adsorbent: Fig. 7-& linoleic acid
¥ ligand® 3 CD adsorbent®] #A$ z+& CDg
TGS AT 22, oCDE 1~49 23
|2 BCDe 2~9¥ 2o F2 3|55}
o] & stearic acid$} v]wsted ¥ -CD7} WA &
Z5o] ¢ Adolgt ¥ kA Boirh ol lino-
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Fig. 7. Fractionation of &, #, and »-CDs using the
linoleic acid derivated DEAE Cellulose.
aCD(—-C-); #CD(—V —); »-CD(—[1—)
10mg/ml of @, &, y-CD mixtures, 0.IM lin-
oleic acid, DEAE Cellulose; 2.5g, flow rate;
0.2ml/min, elution with 50% ethanol, and
25¢C.
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V2 g3t
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adsorbent= #4go) =3 9 A-CDe) oz A
E—’W°l Eot CDY LA Al HAH3] o]4d + 3l
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Table 3. Effect of ethanol concentration on re-
covery yield and selectivity of CDs by
linoleic acid derivated DEAE Cellulose.

Conc. of etha- Recovery yield*, %  Selectivity™, %
nol(%) aCD fCD rCD aCD ACD yCD

30 3650 8070 000 31.14 6886 000
40 3860 8880 000 3030 69.70 000
50 4320 9580 000 3108 6892 0.00
60 37.50 7850 000 3233 6767 000
70 36.50 4380 000 4545 5455 0.00
80 30.50 6690 000 3131 6869 000

The same as Table 1. Except 0.1M linoleic acid instead of
0.1M fatty acid and eluted with different ethanol concen-
tration solution.

O

adsorbent2} A|Z¢] A3t matrixd As}7] 9
3ted capric acidg ligand2 Z+E o] 2w &4 E
B2 7JE3 Az} DEAE Celluloser} 712k Aghat
&9ttt DEAE Cellulose®} capric acid7te] Agt
0‘}13/‘5‘% 2%, ionic strength®] W3}l oJ3kg wb
otom, ethanol ¥ %9 Hilo|= okAslsict. CD
adsorbent«] kg, 23, 181 o, -, y-CD
o) $3E AR Badrl O 4E £
3, EX3 fatty acid% ligand2 &}od specific
adsorbentg Ax3d 3o, o, 5, ¥ y-CDY 3J
F&3 Bo)s2 vy AE stk 2 A3} stearic
ac1dt ¢-CD 2232 lincleic acide B-CDel) i3t
T e AP Hgon, duue
fatty acid®] gtasf Zole} o]F A T 23ty
odgkg ukgtr}. Stearic acid®} linoleic acid CD
adsorbents& o|-&3to] CD EF-EZHE o9 4
(D2} % 8epge HEstoln.

]

l“l

g A
of TR 1999E FeAFARY FEAA
Falol) ofstod dyE|glen], dFu) A|4e| wc
ek,

3 A

o
e

L o]&d, A&, wEi (19%), FTHEFE
37, 10, 149-158.

2. J. Szejth (1988), Cyclodextrin Technology, p. 1
-78, Kluwer Academic Publishers, Dordrecht.
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